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FOREWORD

g The requirement to determine levels of chemical contamination on,
or migrating from, ingstallations is of concern to the Department of
the Army, Project Manager for Chemical Demilitarization and
f, Installation Restoration. Therefore, a Quality Control (QC) program

B . has been establigshed at Chemical Systems Laboratory, Aberdeen,
Maryland. To implement the QC program, standard explosives are
being provided, prepared, and reposited under continuous
survelllance by the Large Caliher Weapon Systems Laboratory, Dover,
) New Jersey. Also, a Standard Analytical Reference Material (SARM)
work plan has been formulated involving, initially, six materials.
This work plan is funded through the Product Assurance Directorate

of ARRADCOM.
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' INTRODUCTION

The requirement to determine levels of chemical contamination
on, or migrating from, installations neceasitates chemical analyses
which unequivocally establish these levels. Since the results of
these analyses will provide the basis for making critical decisioms,
it {8 4imperative that the analytical data be valid. Therefore, a
Quality Control (QC) program has been established to insure the
scientific reliability and compatibility of laboratory data
generated in support of the Army Installation Restoration Program.
For the implementation of the QC program, standard explosives are
being provided, prepared, and reposited under continuous
surveillance.

A Standard Analytical Reference Material (SARM) work plan has
been formulated involving, initially, TNT, RDX, 2,4~DNT, 2,6-DNT,
pleric acid, and tetryl, With time, the number of standard
explosives will be increased, and involvement will be on a
continuing basis. This program entalls the procurement and
purification of the standards to 98% or better. The purity of the
SARM's, as determined by the most modern instrumental wmethods of
analysis directly after purification and after aggravated storage,
will be checked periodically while the SARM's are in storage at 0°C.

EXPERIMENTAL

Purification of SARM's
TNT: Procedure as described in reference I.
RDX: Procedure as given in reference 2.
2,4-DNT: As received, K&K Laboratories, Plainview, New York.
2,6-DNT: As recelved, K&K Laboratories, Plainview, New York.
Picric acid: Procedure as described in reference 3,
Tetryl: Procedure as given in reference 4,

Record of Identity

Infrared (IR), Pevkin-Elmer model (21} procedure as given in
reference 8.

Nuclear Magnetic Resvnance (NMR), Varian model T60; procedure as
described in reference 7.

o A AL ko I AL L it Al s it i e i a

Loy v arghdl

T e e m | a aie -

P




< no

siomns

e

S T —-Y': 55 TRy

T

Aggravated Storage Test

Approximately 2 g of each BSARM contained in secrew~top glass
bottles were stored for a period of 2 weeks in a constant
temperature chamber set at 70°C & 1°C. The accelerated thermal
effect on the stability of the SARM's was determined by Differential
Scanning Calorimetry (DSC), and checked by High Performance Liquid
Chromatography (HPLC), or Gas Chromatography (GC), before and after

storage at 70°C.

Purity Detetmination

Equipmentt Perkin~Elmer model IB DSC. Special conditions:
sample size, between 1 and 2 mg; heating rate, 1,25°C/minute; range,
l; chart speed, 160 mm/minute.

Procedure as described in reference 5.

The SARM's of acceptable purity were stored at 0°C % 1°C.

Elementul Analysis

Samples of SARM's were submitted to Schwarzkopf Microanalytical

Laboratory, Woodside, New York, for G, H, aud N determinations
before storage at 70°C. All determinations were run in duplicate.

Fingerprints

Gas Chromatography: Hawlett Packard model 7626A; procedure as

deacribed in reference 6.

High Performance Liquid Chromatography: Perkin-Elmer Series 3;
procedures as stipulated in respective figureas.

RESULTS AND DISCUSSION

RECORD OF IDENTITY OF SARM'S

The infrared upectra of Standard Analytical Reference (SAR)
2,4,6-TNT, RDX, 2,4-DNT, 2,6=DNT, picric acid (PA), and tetryl shown
in figures 1 through 6, respectively, were compared to those
reported by Pristera, et al., (ref 9) and found to be identical in

every specific abhsorhance frequency.

As an independent and complimentary method of identification,
NMR spectra of the above SARM's were also generated and compared to




i those published by Hogan and Richter (ref 7). The NMR spectrum
o (fige 7) and its integral (fig. B8) obtained for SAR-TNT dissolved in
‘ acetone counfirms 1its Ildentity. The line positions for the three

methyl and two ring protons agree within experimental error with the
e published spectrum (fig. 9). As expected, the ratio of the
g respective peak areas obtained from the integral of the apectrum,
within experimental error, is 3:2.

The NMR #pectra obtained for SAR-RDX (fig. 10) and SAR 2,4-DNT
(fig., 11) confirm the identities of thase materials. The line
positions seen in these spectra agree with those of the published
gpectra. The integral (fig. 12) of the 2,4-DNT spectrum shows the
, expected peak area ratios (1:1:1:3) For the three ring protons and
S the methyl protons.

The only published NMR spectrum of 2,6~DNT in reference 7 1is |
for a sample dissolved in thionyl chloride (SOCly), a solvent which |
ia currently unavailable, However, the line pattern seen in the
published spectrum 1s repeated in the spectra obtained with d-
acetona (fig. 13) and d~DMSO (fig. 14) although the ring proton
signals are shifted downfield somewhat, The line position data are

_ summarized in table 1. Individual line assignments for the ring

g protons have not been made. However, the integral of the d-~acetone
spectrum (fig. 15) shows that the downfield ring proton pattern
represents the same number of protons as the three methyl proton
signal at approximately 150 Hz. The data above lend credence to
establishing the identity of the sample as 2,6-DNT,

Identification of SAR-PA by NMR is less straightforward. 1In d-
acetone solution the position of the signal attributable to the
labile phenolic protons (fig., 16) has been found to vary with each
type of solvent (ref 7). In d-DMSO solution (fig. 17) the phenslic
proton apparently reacts with water normally present in the solvent,
causing the water line atr 200 Hz to disappear and changing the
position, shape, and amplitude of its own line. The integral 4
of the d-acetone spectrum (fig. 18) shows the expected ratio of '
approximately 2:1 for the ring and phenolic proton signals,
respectively. The line position data are summarized in table 2 (ref ?
10). This supportive evidence corroborates the sample as being PA.

N s o

The NMR spectrum (fig. 19) and integral (fig. 20) obtailned for ;
{ SAR-tetryl dissolved in d-acetone confirm 1its identity. The line ?
' positions for the three methyl and two ring protons agree within ex-
I perimental error with those published in reference 7. As expected, b
the ratio of the respective peak areas, within experimental error,
f is 3:2,




For the record, under the category of identification and in
support of the more absolute methods cited above, elemental analyses
of the SARM's were conducted prior to storage at 70°C and the
resulta obtalned are listed in table 3, The values are shown to be
within one percent of those calculated.

Purity of SARM's

The detailed data on the purity of the SARM's, prior to aggra-
vated storage, as determined by DSC, are listed in tables 4 through
9, and purity data of the SARM's after aggravated storage are shown
in tables 10 through 15. Tor convenience of comparative e¢valuation
of the stability of the S5ARM's as a result of aggravated storage at
70°C, the respective pre- and post-storage percent purity values are
listed in table 16, All of the SAR samples are shown to be of
acceptable purity and thermal stability under the conditions of the
ten replicate determinations, The percent changes 1in purity are
within the reported experimental error of + 0.045 percent (ref 5),
except for the SAR's 2,4- and 2,6-DNT. Their respective purities
are observed to have increased as a result of storage at 70°C over a
2-week period. Apparently, the trace impurities present initdially
in the SARM's are volatile and hence are driven off, rendering the
host materials purer to the extents shown.

Fingerprinting of SARM's

The fingerprinting of the SARM's has been included in this
qualification program as = complementary method to the DSC for
purity determination. The fingerprinting by GC for volatile and
HPLC for non-volstile SARM's 1s used to profile impurities before
and after aggravated storage. For the gurvelillance testing every 6
months, the fingerprinting wiil be used in conjunction with the DSC
determinations in order to Jdetect trends in impurity profiles.

The impurity profiles of TNI' determined by GC before and after
aggravated storage are shown 1in figures 21 and 22, respectively.
The impurities identified are present at trace levels (less than 10
ppm) and, therefore, are expected to have a minor effect on the
purity as 1indicated above by DSC. What 1s of noteworthy interest is
the fact that the {mpurity peaks numbered 3,4,and 5 changed only

sligutly in iIntensity, and that no new impurities were gemnerated
after storage at 70°C.

The SAR-RDX, because of 1ts relative nonvolatility, was run on
the HPLC before and after 2 weeks storage at 70°C (fig. 23). The
only impurity peak observed 1s due to HMX and its magnitude corre-
sponds to the amount indicated by the DSC percent purity determi-—

nations. The aggravated storage test induced no change in the
impurity profile.




The GC impurity profiles of SAR-2,4-DNT before and after
storage are shown 1in figures 24 and 25. The unknown impurity
dugignated by 3 1s apparently assoclated in part with purity values
obtained by DSC (table 16)., The volatile impurity mentioned earlier
might be related to the percent change corresponding to 15 ppm. The
disappearance of the volatile impurity 1is not reflected by the chro-
matogramda, probahly duc to the fact that the retention time of the
impurtity 48 identical with that of the solvent acetone. A small
unsymmetrical peak at 17.6 minutes is observed in figure 25 which
may indicate the formation of an impurity during the storage test.

The GC impurity profile (fig. 26) of SAR-2,6~DNT, before the
storage test, depicts a trace component designated 4 at approxi-
mately 17 minutes retention time. This impurity does not change in
intensity after the storage test (fig. 27). On the other hand, a
new Impurity peak appears at 18 minutes, apparently resulting from
the aggravated storage test. As in the case of the 2,4~DNT, the
disappearance of the volatile component in figure 26 may also be
attributed to a similar retention time with the solvent peak.

Attempts to chromatograph SAR-~FPA and tetryl on the GC were
unsuccessful. Therefore, both were run on the HPLC as sghown in
figures 28 and 29. These chromatograms are uevold of any impurities
as 1ndicated by HPLC. The aggravated storage test had no effect on
the purity profile of either of these SARM's.

CONCLUSIONS

The secondary explosives TINT, RDX, 2,4-DNT, 2,6=DNT, PA, and
tetryl selected for qualification as SARM's have met all of the
requirements prescribed under the established Quality Control
Program. The SARM's are presently in a repository at 0°C & 1°C
in approximately 500-g quantities, to be tested for purity every 6
months.
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: Table 1. Shifts in proton 1ine positions of
2,6~DNT as & function of srlvent

Line position (Hz)

i; 80C1 d-acetone d~DMSO0
ke Assignments (ref 10) (fige 137 (£ig. 14)
ﬁ”‘ 3 methyl protons 151 154 150
v
S

438~482 460-500 459-501

3 ring protons

:
Table 2. Shifts in phenolic proton 1ine positiomns

a of PA as a function of solvent

- Line position (Hz)

: S0Cl d-acetone d-DMSO

f Assignments (ref 10} (ref 7) (fig. 17)  (fig. 18)

f Y 2 ring protons 548 550 549 521

i ] phenolic proton 713 634 618 601 ' j

£ 533 :

b .

Rt




; Table 3. Elemental analysis of SARM's
Carbon Hydrogen Nitrogen
SARM Found Calculated Found Calculated Found Calculated
2 2,4,6-
" TNT 37.09 37.01 2.19 2,19 18,35 18.50
"‘J"‘.
v RDX 16430 16,22 2.70 2.72 37.55 37.84
o PA 31.27 31,45 1.37 1.32 18,40 18.34
P
" 2’4-
DNT 46.16 46,16 3.20 3.32 15. 30 15.38

vy
; 2,6-
} : DNT 46.08 46,16 3.36 1,32 15,31 15.38
i Tetryl 29.21 29,28 1.71 1,76 24,04 24,39
k'
;_,
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Spectrum 23  2,4,6-Trinitrotoluene, Military Grade . 1
1
égJ Assignments (Hz) ' i
3 R
a 122 (impurity)
NO, — NO, L 162 !
c 540 A
(e) H H (e) ;
Solvent d-acetone
Solution filtered no ! :

' Sweep time (sec) 250
Sweep width (Hz) 500 !
Sweep offset (Hz) 110 _ ‘
RF power level 065 ' ,
Spectrum amplitude 10
Filter factor 1

Sample spinning rate (RPS) 37

Figure 9. NMR spectrum of 2,4,6-TNT from Picatinny Arsenal Technical Report 4790.

30

g «|-|Ar-\wm'~w.'z
Pl

o ami, e . s o
ot ik i amaibin ol s W2 | I \ I
PRt T




R ois T T T O g T, T = = = e e oo [ — - e e -

*D,0L 3® 331038 21033q “Lfarand Iyg 66
nom!l‘ Ty poATOSSYD unnm‘a Jo wni3oads TN ‘0T UHHH“H-H

y——
inmm————
31
R TRPUPRII TP RO 08 N SRR Cik:

-—hhyu-r h-hL_r--TFF-r-

- - ¥
Mozl i ral s 0 e R B T M T il e S SRR B SO O S L




*3,0f I® @88103s 21039q *£37and Z60°66 °‘OSWA-P
Ul peATOSSTP ‘ING-%°Z-UVS Jo wniidads ¥N “TT 2andrg

(f)wad 0OS

@i

ZHO

VIR NPUNRY.

ook i &L

32

bt das 1 AU R () e it




*9,0L 38 9881033 21032q “£33Ind 60°66 "OSHI-P
UT POATOSSIP ‘ING—%°Z-¥VS Jo mmxydads WA 30 Tead33u1

¢ ol 0T o€ or (@)lwmdd OS
A I N . —_—
v _ i
|
/l
ot
HO [1 013 002 [+ ¢ >
} . . i R | ]
[ ] — L [ ] 1] 1] “ [ [ ] ] | — ] [ ] [ ] 1 — 1 L] ] — 1 1 1 _ ] 1
e S
oo e




*3,0L I® afe103s 21032q *L37and Z6E-66 °du0IIE-P \

U PoATOSSTP ‘ING-9°T-AVS Jo wniyoads WRN €T 2ISH4 LA
0 oL 02 Gt or (@lmdd S o9 oL o8
T...._....._‘.J...._...._J.. . _ __
| ‘ { | |
<‘ II}" )
i
e
)
«HC
HO 005 00z 008 oor 005




*9,0L 3® 38eI038 31032q ‘A3rand X5E°66 ‘OSRA-P
uy peA[OSSIp ‘ING-9°T-¥VS JO wnI3dads gaN YT 2anBri

o o1 ot Or (9)mdd 0% 09 oL
— d+.1ﬁ.+_1 .._J_.J.hj . 1




*3,0/ I® Ia8wi038 3I1039q ‘L37and YEE66 *IucqraTe-p Uy
POATOSSTP ‘INQ-9°Z-¥VS 30 wni3>ads WM 30 [eaBaqul  -gf 2andz

o ol 02 ot or [(2)Mdd OF 09 01 08
 —— —_ ——— — 1
1 | | |

|36i

Bk oo ioca Lt s e



*3,0f I® aBex038 230399 ‘A3yand 268°66 ‘IuoIIVE-p
UJ PAAJOSSIP *PIO¥ OIIVFA-gys Jo wnidads FHN 9T =andyy

1

0z 0% 0y (fImdd 0§ 09
LD 0 0 A0 M s
i i
¥ .
14
[+] 00k 00z coc
1 NN — | s |
- .ﬁ-- —1.-.-4--._ — }




*3,0L 1@ 28v10318 31039q ‘K31Ind Z68°66 ‘OSHI-P
U POATOSSIP “P§o¢ JFIOFd-gvs jo wnxIdads A LT 2an811
0 o1 oz ot or (PImdd IS 09 o2 o8
______ .M.._..d._._.._._
pl pmsorers PLIJJ prom s - e e meanae 'y b
\ll e ol
i
[~ =]
(a2 ]
|
o
HO 001 o 00¢ ooy 00S
1 | . ] |
[] ) 3 ] 1 1 _ 1 | 1 ) ] 1 — | | '] '] 1 — ) 1 1 1 1 — [ | | | | | | 1 1 1 4 M A 1 L L — 1 '] L 1 “ L 1
- - |||I||||||ll‘||\... - N

M




*3,0L 1® 31038 10334 *fapand I68°66 “90VOIII-P U}
peaTosSTP ‘PIo® JTIOFd-EVS Jo WnIIdeds PAl jo [eiBermr gl 2an8y1

Q 0 gc 0t oy {gi1mdd OS 09 oL 08
_ L L] L4 L4 — Ld AI ] lq L _ L4 L Ld _ v b i _ i _ _ —




- - - s l — -
*2,0L 3% afSegiols 210790 *‘3ICOIIVE-P UL
paafossTp ‘Lapand 189°R6 sgk1391-gvs 3o Wna3vds T "61 aandta
° a1 02 ot gy 1PImad 0% ge oL os -
] ! lJ%Jﬂw.ﬁ.mww‘ ISR A | .
S 3 - I + v . —

deiimia . it - LT - -
N T Rt WY L CRESLN NN v . N Zia i e




*9,0f I* ¥%w10218 3x03J2q *IVOJIVN-P UL FIA[USSIP
¢ £3310d 37766 ‘TAII9I-EVS Jo mnxydads gy jo TeaBaiur *gz 2mnBy3

. N L
. .
. . o
A fuiabadad ot des M s 0 e o kil

[V RS S AVSRTIIT W TS TN Y Mim.i‘i.hmhi..?..

0 ol 0T ot Cr (#imdd ©S (1]
— ] —
! I T
j\.\‘l\ )
-
1’
T \L
o
HO .o aoZ ooF oor 4
— e — e, |
L 'l 3 rrr*rerLFLhL.- n-|rh- '] 'l i L -. 1 [ N N Y X 1 J—‘ A 1 'nt. .- h s -ﬂ 3
T PRGN - L - - - -
LA e = i 2T st v ke, kel v ] ]




RELATIVE INTENSITY

5. 2,5 DNT ?
6., p-monmonitrotoluene -
7. Acetone

-

A A A S

1n i b ok stk stk b2 .Mu..in;ﬂ] AT . dluans Mn . .

1.4 9.4 17.4 25.4

MINUTES
GC of SAR-2,4,6-TNT purity before storage at 70°C.
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Figure 21.
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4., 2,4 DNT
5. 2,5 DNT
6. p-mononitrotoluene
7. Acetone
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Figure 22. GC of $AR-2,4,6-TNT, 99.5% purity, after storage at 70°C.
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1. Acetone
2. PMNT (Internal std)
3, Posaibly 2,6-DNT?
4, 2.A~DN2
Lot No., 28493A
3
o
L 4 L. —k L |
5 13 21
MINUTES

Figure 24, GC of SAR-2,4-DNT, 99.1% purity before storage at 70°C.
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Figure 25. GC of SAR~2,4-DNT, 99.2% purity after storage at 70°C.
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1. Acetone

2. PMNT (Internal std)

3. 2,6-DNT, Lot No. 31680
4, Unknown
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Figure 26. GC of SAR-2,6-DNT, 99.4% purity before storage at 7G°C. f
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Figure 27.
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N Conditions:

A

; Column: RP-3, 5u

Temperature: 30°C

Mobile phase: 15% acetonitrile
85% water with

: 1% acetic acid

; Attenuation: X16

. Flow rate: 1 mL/min.

| Injection: 5 microliter PA
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Figure 28, LC of SAR-picric acid before (right) and aftcr (left)
2 weeks storage at 70°C
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t Conditions:
3 Column:  RP-13 ;
I Temp: 55°C .;
B Flowt 2.0 mL/min, 3
™ Presgure: 2500 psi !

Attn: 0.16 AUFS

Mobile phase: 15% acetonitrile)

85% water

Detector: UV at 254 am
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: : Figure 29, LC of SAR-tetryl before (right) and .

| after (left) 2 weeks storage at 70°C.
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